Twelve colonies of honey bees from an area of hybridization between Apis mellifera mellifera and A.m. carnica in Czechoslovakia were electrophoretically examined at eighteen enzyme loci. The following five enzymes were found to exhibit polymorphism : malate dehydrogenase, esterase, malic enzyme, phosphoglucomutase and aconitase. The polymorphism for aconitase is reported here for the first time in the honey bee. Based on electrophoretic and morphometric data, many of the bees examined cannot be considered pure mellifera or carnica. The mean expected heterozygosity of A. mellifera calculated from our data on 23 colonies of European honey bees was 0.038, approximately a threefold increase over previous estimates. Reasons are discussed for the increased mean heterozygosity and number of polymorphic loci found in European honey bees compared to U.S. honey bees. Italian bee) and A. mellifera carnica (the Carniolan bee).
INTRODUCTION
The western honey bee, Apis mellifera, is now distributed virtually world wide, although it is believed to have originated in the Near East (R UTTNER , 1975) , southeast Asia and/or India (R OTHENBUHLER , 1979 ; D IETZ , 1982) or Africa (W lLSO rI, 1971 ). Regardless of its origin, A. mellifera subsequently spread throughout Europe, Africa and Western Asia where it differentiated into over 20 recognized geographical races (R OTHENBUHLER et al., 1968) . The differentiation of the European races of A. mellifera has been attributed to fragmentation of honey bee populations during late Pleistocene glaciation (CuLLIrrEY, 1983) . Three of the major races that arose in Europe during this period were A. mellifera mellifera (the dark bee of Northern Europe), A. mellifera ligustica (the particular race imported into the New World is unknown, although, as evidenced by recent data on enzyme polymorphism in European !4./M. ligustica and A.m. mellifera, the importation appears to have represented a genetic bottleneck for the species B ERLOCHER , 1984, 1985) . That is, the number of colonies imported was small enough that only part of the genetic variation of the species arrived in the New World and/or genetic drift in the founding populations eliminated some variation.
Of the three major European races introduced into the U.S., Apis niellifera carnic is one of the most recent, having been introduced into the country circa 1877 (D ADANT , 1877) . The Carniolans are native to Yugoslavia, Hungary, Romania, Bulgaria, and the southern part of the Austrian Alps, although today they are distributed widely throughout Europe and are second only to the Italian race (A.m. ligustica) in worldwide popularity (RuTTrrER, 1975) .
As part of a larger study of European honey bee races, we report here the results of a survey for enzyme polymorphism in honey bees collected from the regions of Bohemia and Moravia in Czechoslovakia. This area was originally populated by A.m. mellifera, but is now considered a zone of hybridization between A.m. mellifera and A.m. carnica (F. R UTTN E Rpersonal communication). One reason for this is that, in Czechoslovakia, queens of A.m. carnica are propagated through artificial insemination and widely distributed to beekeepers (J. ZDA REKpersonal communication).
MATERIALS AND ELECTROPHORESIS
Adult workers were sampled from six different sites in western Czechoslovakia ranging form near the border of Poland in the north to near the Austrian border in the south ( Fig. 1 ). Twelve colonies of honey bees were sampled, of which seven were of unknown ancestry and five were headed by queens of A.m. carnica background produced by the Czechoslovakian Research Institute of Apiculture [Vyzkumny ustar vcelarsky, Libcice] through artificial insemination. The samples were frozen and transported to the laboratory (University of Illinois, Urbana) on dry ice and stored at -70 °C until electrophoresis. Electrophoresis was performed on crude homogenates of head-thorax sections of individual bees (for details see S HEPPARD and B ERLOCHER , 1984) . Seventeen enzymes were assayed in this study, using a regimen of horizontal starch gel electrophoresis and buffer systems described previously (S HEPPARD and B ERLOCHER , 1985) . With the enzyme commission number in parentheses, these were : aconitase (E.C. 4.2.1.3); alpha-glycerophosphate dehydrogenase (E.C. 1.1.1.8) ; arginine kinase (E.C. 3.3.8.9) ; esterase (E.C. 3.1.1.1) ; glutamate dehydrogenase (E.C. 1.4.1.3) ; glyceraldehyde-3-phosphate dehydrogenase (E.C. 1.2.1.12) ; hexokinase (E.C. 2.7.1.1); beta-hydroxybutyrate dehydrogenase (E.C. 1.1.1.30) ; isocitrate dehydrogenase (E.C. 1.1.1.42) ; leucine aminopeptidase (E.C. 3.4.1.1) ; malate dehydrogenase (E.C. 1.1.1.37); malic enzyme (E.C. 1.1.1.40); phosphoglucomutase (E.C. 2.7.5.1); phosphoglucose isomerase (E.C. 5.3.1.9); and triose phosphate isomerase (E.C. 5.3.1.1). Enzyme activity was visualized with standard histochemical staining procedures B ERLOCHER , 1984, 1985) . In the honey bee, aconitase exhibits two putative loci, Acon-I (cathodally migrating isozymes) and Acon-2 (anodally migrating isozymes). For each of the remaining enzymes, only a single locus was scored. Adult workers of a colony of A. mellifera from a Champaign County Illinois apiary were run on each gel to serve as standards (see S HEPPARD and B ERLOCHER , 1984) . Following electrophoresis and staining, the gels were photographed for documentation and fixed in a 5:5:1 mixture of water, methanol and acetic acid. Allozyme designations are based on relative mobilities, with the fastest (MDH) or most common (ME, EST, PGM, ACON) allozymes used as standards (mobility 1.00). Decimal points are omitted in allozyme names.
The cutibal index of Goetze (R UTTNER , 1975) was measured in a subsample of all the colonies.
Although not completely diagnostic, the cubital index (C.I.) has been reported to be quite different between mellifera (C.I. small' ; 1.3-2.1) and carnica (C.I. very high ; 2.0-5.0) (RunNER, 1975) .
RESULTS
Of the 17 enzyme systems (18 loci) examined, five exhibited polymorphism. Four of these polymorphisms, MDH, ME, EST, and PGM have been previously reported in the honey bee (M ES 'r RINER , 1969 ; C ONTEL et al., 1977 ; B ERLOCHER , 1984, 1985 ; D EL LAMA et al., 1985) . ACON was also polymorphic and, although the ACON polymorphism is present in the U.S. (S HEPPARDunpublished data), this polymorphism is previously unreported in the honey bee. Colony allozyme frequencies for the polymorphic loci are reported in Table 1 . Cubital indices are reported in Table 2. The PGM polymorphism was present in five of the 12 czechoslovakian colonies and consisted of two allozymes, Pgm l°° and Pgm 75 . The colonies exhibiting the PGM polymorphism were from three sites (B, C, F) ( Fig. 1) . PGM variation has recently been reported from colonies headed by German A.m. carnica queens and in « africanized honey bees from Brazil (D EL LAMA et al., 1985) . The Pgm l°° and Pgm 75 allozymes we found appear to be the « F allele » and « M allele », respectively, of the PGM-1 locus reported by D EL LAMA and coworkers (ibid). To our knowledge, the crosses to determine the genetic basis of the PGM polymorphism have not been made.
The ACON polymorphism was present in a single colony from a central Bohemia site (D) and consisted of two allozymes, Acon-2'°° and Acon-2'' =°. In the honey bee, as in humans (HARRIS and H OPKINSON , 1976) , ACON is apparently a monomer, based on heterozygote staining patterns.
Using adult honey bees and our electrophoretic conditions only a single MDH locus is consistently scorable. This is probably the Mdh-I system described by CorrTEL et al. (1977) . MDH exhibited four allozymes, three of which, Mdh 6 5 (S), Mdh 80 (M) and Mdh'°&dquo; (F), are well-known in the honey bee and are the only allozymes reported to date from U.S. populations. Another allozyme, Mdh 5 i i , was present in two colonies from site A, located approximately one km from Poland in northern Czechoslovakia.
EST was polymorphic in the Czechoslovakian honey bees and showed three allozymes, Est!&dquo;, Est' Ol and Est 1:w . Est'°&dquo; is common in all European races and U.S. colonies we have studied (SHEP P A RD and B! RLOCHeH, 1984 RLOCHeH, , 1985  S HEPPARD , unpublished data). The Est'!° allozyme, known from !4./?:. ligustica and some U.S. colonies (S H E PP A RD and BE RL O C HE R , 1985 ; S H r:rrnRO, unpublished data), was present at three sites (B, C, D) in northern and central Bohemia.
Est 7ll is reported here for the first time and occurred at two sites, one in northcentral Bohemia (B) and the other in southern Moravia (F). The four colonies in which the Est 7° allozyme occurred were all headed by artificially inseminated A.m. carnica queens (Table 1) . As in A.m. ligustica (S H E PP A RD and BE RLOCHER , 1985), the esterase allozymes reported here appear to be the esterase-3 system described by B ITONDI and M!.sTRINER (1983) .
The single colony that was polymorphic for ME was also headed by an artificially inseminated carnica queen in north-central Bohemia (B) and contained the allozymes Me' 3 and Me 1oo . Me' 00 occurs in high frequency in all European races of A. melfifera for which it has been reported B ERLOCHER , 1984, 1985) . Me 7 ' has previously been reported only from A.m. rnellifera from Norway (S HEPPARD and B ERL O C HE R , 1984). Malic enzyme is invariant (i.e., fixed for Me 1UO ) in New World A. mellifera studied to date (SYLVESTER, 1976 ; Corr TE i. et al., 1977) .
The remaining thirteen loci appear to be monomorphic since the enzymes exhibited invariant banding patterns under our electrophoretic conditions. Both observed and expected heterozygosities were calculated for the Czechoslovakian and other European honey bees for which we have data B ERLO -CHER , 1984, 1985) . The H estimates for the five artificially inseminated A.m. carnica colonies were not significantly different from the remaining 18 European colonies (Mann-Whitney U test, p > 0.2) ; therefore the data were combined.
DISCUSSION
The honey bees from Czechoslovakia included in this study, while informative from the standpoint of containing heretofore unknown enzyme variants, cannot be considered representative of endemic populations of either geographic race, A.m. mellifera or A.m. carnica, for several reasons. Since the bees were collected from an area outside of the native range of carnica or were headed by artificially inseminated car-nica queens derived from a selective breeding program, it is unlikely that they fully represent the variability of natural carnica populations. The presence of the Me!'' allozyme, known previously only in A.m. mellifera, in one of the artificially inseminated carnica colonies, as well as the low C.I. of another (Jihlava-E), may indicate that some amount of hybridization between the races has occurred in this breeding program. The new EST allozyme, Esf o , which appears only in the colonies headed by artificially inseminated A.m. carnica queens, may be indicative of the carnica race, but additional electrophoretic studies will be needed to confirm this.
Neither can these colonies be considered pure A.m. mellifera. The Mdh 8°a llozyme occurs in high frequency in mellifera from Norway (S HEPPARD and B ERLOCHER , 1984) and is the sole Mdh allozyme (« M p ) reported for mellifera from France (CoRNUE!r, 1982 ; B ADINO et al., 1983) . However, Mdh 80 occurs in relatively low frequency in all of the Czechoslovakian samples except those from near the Polish border (site A - Table 1 ). Moreover, the mean C.I. measurements of each of the colonies are out of the range for mellifera (Table 2) .
From both the C.I. and electrophoretic data (Tables 1 and 2) , the most melliferalike bees in the present study were in the colonies of unknown ancestry collected from within one km of the Czechoslovakia -Poland border. Interestingly, Poland is considered one of the countries where populations of pure A.rra. mellifera still exist (RuTTNErt, 1975) .
The results of this study indicate that our understanding of enzyme polymorphism and genetic variation in the honey bee is still in an early stage of development. In previous electrophoretic studies of New World A. mellifera, MDH, EST and PGM have been reported to be polymorphic in adult honey bees (M ESTRINER , 1969 ; SYLVESTER, 1976 ; C ONTEL et al., 1977 ; C ORN UET, 1979 ; N UNAMAKER , 1980 ; D EL LAMA et al., 1985) . However, in the present study and other recent work B ERLOCHER , 1984, 1985) surveying a total of only 23 colonies from Norway, Italy and Czechoslovakia, two additional polymorphic enzymes (ME and ACON) were found, as well as three new allozymes (Mdh&dquo;5, Mdh 6 5 , Est 7°) for the previously known polymorphic enzymes.
Mean heterozygosity estimates reported for A. mellifera are quite low (H = 0.010 -O.O12) (SYLVESTER, 1976 ; P AMILO et al., 1978) compared to non-hymenopteran insects (H = 0.120 -0.135) (B ERKELHAMER , 1983 ; G RAUR , 1985) and even other Hymenoptera (H = 0.036 -0.037) (ibid.). The basis for the apparent reduction of variability within the Hymenoptera has been discussed extensively (LE STER and S ELANDER , 197$ ; M ETCALP et al., 1975 ; PAMILO et al., 1978 ; B ERKELHAMER , 1983 ; G RAUR , 198$ ; S HEPPARD and H E Y D O N - submitted to Evolution) and need not be considered here. Estimates of H calculated from the workers of eusocial colonies existing in managed apiaries are, in all probability, of little value in estimating the overall heterozygosity of the Hymenoptera (G RAUR , 198$ ; submitted to Evolution), but may be useful in making comparisons among species which exhibit the same degree of sociality.
However, another reason for the reduced variability reported for Apis mellifera compared to other Hymenoptera may simply be a sampling problem. P AMILO 's estimate (P AMILO et al., 1978) of heterozygosity was based on workers of A a n. mellifera from around Helsinki and may reflect the limited geographical area sampled, and S YLVESTER ' S (1976) estimate of heterozygosity in A. mellifera was based on populations sampled from the New World. The mean expected heterozygosity calculated from our data for 23 European honey bee colonies, 0.038 (Hobs = 0.045), approximates the H for the Hymenoptera in general.
Thus, even these initial studies of European A. mellifera have revealed more than a threefold increase in mean heterozygosity over previous honey bee estimates.
We now know that the honey bee contains considerably more electrophoretic variation than has been previously realized. To more accurately quantify the amount of genetic variation in A. mellifera will require a rigorous sampling effort within areas of endemism, coupled with sequential electrophoresis and/or other molecular techniques. Such data for the geographic races of A. mellifera< will make possible much more meaningful comparative studies with introduced populations such as those in Australia, South America and North America and will further elaborate the pattern and underlying causes of genetic diversity in the species. 
Résultats
Cinq enzymes ont montré un polymorphisme chez Apis nrellifica carnica. Il s'agit de : malate déshydrogénase, enzyme maliquc, estérase, phosphoglucomutase et aconitase. Le polymorphisme de l'aconitase est mentionné pour la première fois. Un nouvel allozyme d'estérase, Est70, présent dans seulement 4 sur les 5 colonies maintenues comme A.m. carnica, pourrait être indicateur de cette race. D'après les données électrophorétiques et morphométriques, de nombreuses abeilles examinées ne peuvent être considérées comme de pures mellifica ni de pures carnica. L'hétérozygocité moyenne attendue (H eXI ,), calculée pour l'abeille est de 0,038 (H oh ,) = 0,045), soit une augmentation supérieure à 3 fois par rapport aux estimations précédentes. Les futures études électrophorétiques sur Apis nrellifica conçues pour quantifier la variation génétique de l'espèce devraient utiliser des races géographiques endémiques d'Europe.
ZUSAMMENFASSUNG GENETtSCHE VARIATION VON HONIGBIENEN AUS EINEM GEBIET MIT RASSENHYBRIDEN IN DER WESTLICHEN CSSR
Bei Bienen aus der CSSR wurde eine elektrophoretische Analyse von 18 Enzymen durchgeführt. Fünf Enzyme wurden als polymorph festgestellt ; bei einem von ihnen war dies bisher bei der Honigbiene noch nicht bekannt.
Material und Elektrophorese
Aus 12 Völkern in der Tschechoslowakei (Abb. 1) wurden adulte Arbeitsbienen entnommen, eingefroren und in Trockeneis an die Universität von Illinois in Urbana-Champaign transportiert. Fünf von den 12 Völkern hatten künstlich besamte Könniginnen. An Kopf-Thorax-Schnitten individueller Bienen wurde eine horizontale Stürke-Gelanalyse durchgeführt. Puffersystcme und laufende Verfahren wurden früher beschrieben (S HEPPARD und BEe!ocHers, 1984 .
